Introduction: Viral community-acquired pneumonia (CAP) has been poorly studied and clinically characterized. Using strict criteria for inclusion, we studied this type of infection in a large series of hospitalized adults with CAP. Materials and methods: All nonimmunocompromised adult patients with a diagnosis of CAP having paired serology for respiratory viruses (RVs) [338 patients] were prospectively included in the study from 1996 to 2001 at our 1,000-bed university teaching hospital, and subsequently were followed up. We compared patients with pure viral (PV), mixed viral (RV ؉ bacteria), and pneumococcal CAP. RVs (ie, influenza, parainfluenza, respiratory syncytial virus, and adenovirus) were diagnosed by means of paired serology. 
C ommunity-acquired pneumonia (CAP) remains a serious illness with an important impact on health expenses. It is estimated that in Spain between 1.62 and 3.79 cases per 1,000 population occur each year, 1,2 and in 1 to 30 cases per 1,000 population worldwide, depending on immune status, age, and comorbidities, among other factors. [3] [4] [5] [6] [7] It is well-known that the principal etiologic agents are bacteria, with Streptococcus pneumoniae (SP) being the most frequently occurring pathogen. 8 -10 The percentage of viruses causing CAP ranges between 5% and 34%, the most frequent being Influenza spp. In a Spanish series of CAP, 1 25% of all episodes were caused by a respiratory virus (RV). However, studies focusing on viral pathogens causing CAP in nonimmunocompromised adults are rare. Some guidelines 3 describe their incidence but no recommendations regarding the assessment of risk groups and antiviral treatment are made.
The aim of the study was to investigate the epidemiology and to detect the clinical characteristics of viral CAP. For that purpose, we conducted a retrospective analysis of three different cohorts of CAP patients, as follows: patients with viral CAP; patients with mixed viral CAP (virus ϩ bacteria); and patients with pneumococcal CAP. Data were obtained from a prospective investigation on CAP initiated in 1996 at the Hospital Clínic of Barcelona. We were particularly interested in identifying characteristics of patients with viral CAP when compared to those with mixed viral/bacterial as well as pneumococcal etiology.
Patients and Methods
From October 1996 to February 2001, consecutive adults (Ն 18 years of age) in whom CAP had been diagnosed and who had been admitted to Hospital Clinic, Institut dЈInvestigations Biomè diques August Pi i Sunyer (Universitat de Barcelona, Barcelona, Spain) were prospectively studied. The protocol has been described in detail elsewhere. 10, 11 In short, CAP was defined by the presence of a new infiltrate seen on a chest radiograph together with clinical symptoms suggestive of a lower respiratory tract infection and no alternative diagnosis during follow-up. Only patients without immunosuppression (ie, HIV patients and subjects receiving immunosuppressive therapy other than prednisolone, Ͻ 15 mg/d) were included in the database. Regular sampling for a microbiological diagnosis included sputum, blood culture, paired serology (at hospital admission, and within the third and sixth weeks thereafter for Mycoplasma pneumoniae, Chlamydia pneumoniae, Coxiella burnetii, Legionella pneumophila, and RVs), pleural puncture when appropriate, and urine samples for the detection of L pneumophila antigen (serogroup 1) [Biotest Legionella urine antigen enzymelinked immunoassay; Biotest; Frankfurt am Main, Germany]. Invasive diagnostic methods were applied according to clinical judgment.
The RVs that were investigated were influenza virus A and B, parainfluenza virus 1, 2 and 3, respiratory syncytial virus (RSV), and adenovirus. For the diagnosis of all mentioned viral etiologies, two commercially available type-specific complement fixation kits were used (for the diagnosis of parainfluenza 3, and influenza A and B: BIO; Whittaker; Walkersville, MD; for the diagnosis of the RSV, parainfluenza 1 and 2, and adenovirus: Virion/Serion; Serion Immundiagnostica GmbH; Wü rzburg, Germany).
A diagnosis of definite viral infection was made if seroconversion (ie, a fourfold rise in IgG titers) was measured. The minimum IgG titers that were considered to be diagnostic were as follows: influenza virus (A and B), 1:32; and adenovirus, parainfluenza virus (1, 2, and 3), and RSV, 1:8. A diagnosis of a viral infection was made after obtaining the second serum sample. Patients with no second serum sample were not included in the analysis. 12 
Inclusion Criteria
Patients were included in this study if the following criteria were met: a complete microbial investigation including sputum or tracheobronchial aspirates (TBAS) [valid samples], blood cultures, and paired serology for viruses, as well as for "atypical" pathogens, as described above, and L pneumophila serogroup 1; and the absence of antimicrobial treatment before sampling collection.
Definitions
For retrospective cohort comparisons, we identified all patients with CAP caused by a RV, a mixed viral/bacterial infection, and an infection caused by SP using the following definitions: 
Data Recorded
The clinical, radiographic, and laboratory data evaluated included 6, 11, 13 the following: (1) baseline characteristics such as age and gender; (2) clinical symptoms such as mean temperature, chills, cough, expectoration, chest pain, dyspnea, and crackles on chest examination; (3) radiographic patterns defined as the type of condensation (alveolar or interstitial) or pleural effusion at hospital admission; (4) the presence and number of comorbid illnesses, history of chronic heart failure (CHF), present or prior pulmonary disease (COPD in particular), hepatic, renal, or neurologic disease, and diabetes mellitus; (5) toxic habits like alcohol abuse (defined as the daily consumption of Ͼ 80 g alcohol) and tobacco abuse (defined as a current smoking habit of Ͼ 10 cigarettes per day and/or a smoking history Ͼ 10 packyears; (6) factors related to severity such as mental confusion, hypotension (systolic BP, Ͻ 90 mm Hg) at hospital admission, respiratory rate of Ͼ 30 breaths/min, bilateral radiologic infil- *Influenza B ϩ parainfluenza, influenza A ϩ parainfluenza, or parainfluenza ϩ RSV.
trates, renal insufficiency (creatinine level, Ͼ 1.5 mg/dL), admission to the ICU, or the development of septic shock; (7) the presence of prior ambulatory antimicrobial treatment (defined as any oral antimicrobial treatment administered during the evolution of symptoms that were attributable to the current pneumonia episode); and (8) pneumonia severity index (PSI) classification, 14 with patients subdivided into classes I and II (PSI, Ͻ 70 points), class III (PSI, 70 to 90 points), and classes IV and V (PSI, 91 to 130 points).
Statistical Analysis
Results are expressed as the means Ϯ SD. Categoric variables were compared using the 2 test or Fisher exact test, when appropriate. Continuous variables were compared using the unpaired Student t test or the Mann-Whitney nonparametric test, when appropriate. Multiple comparisons were performed by analysis of variance with Bonferroni post hoc correction. Multivariate analysis was performed using logistic regression models. Variables with a p value Ͻ 0.1 in univariate analysis were entered in the multivariate analysis. The level of significance was set at Ͻ 0.05.
We performed the following two multivariate model analyses including viral pneumonia as the dependent variable and entering the following variables according the univariate analyses: (1) comparison of viral pneumonia to mixed pneumonia included the following variables: gender (male ϭ 1; female ϭ 0), CHF, the presence of expectoration at hospital admission, and the development of shock; and (2) comparing viral pneumonia and SP. The following variables were included in this analysis: the presence of CHF at hospital admission; and the presence of cough and/or expectoration at hospital admission. Figure 1 . Origin of the different cohorts for analysis. A total of 518 of 1,356 patients (38%) had received an etiologic diagnosis. The flow sheet shows the cases left after application of the diagnostic criteria. A total of 79 of 338 patients (nonviral, 70 patients; viral, 9 patients) were excluded from cohort analysis because of missing paired serologies for atypical microorganisms, previous antibiotic treatment, or lack of a valid respiratory sample and/or blood culture.
Results

Study Population
Of 1,356 patients (893 men and 463 women; mean age, 68 Ϯ 18 years) with CAP who were admitted at our hospital during the study period, a microbial etiology could be established in 518 patients (38%). Overall, the most commonly identified pathogens were SP (41%), Haemophilus influenzae (14.5%), Pseudomonas aeruginosa (12%), and L pneumophila (10%).
Cohort Analyses
We initially included in the study the 338 patients who had valid paired viral serology findings for viruses. In sixty-one patients (18%), at least one RV was detected by serology. Of those patients, the virus was the only identified microorganism in 31 (9%). The distribution of the different viruses is shown in Table 1 . The largest number of infections was caused by viruses from the influenza group (ie, influenza A and B), followed by parainfluenza, RSV, and adenovirus infections.
For cohort analyses and comparative purposes, patients with previous ambulatory antimicrobial treatment (that could have altered bacterial growth in blood or respiratory samples) were excluded from the study, and those with no valid serology findings for atypical microorganisms and Legionella were Black bars show the CAP events that were only attributed to a RV (PV group, 26 patients). MP was ruled out, as described in the "Methods" section. White bars show all CAP events (including PV) in which a RV was detected (61 patients). 
*Values in parentheses are No. of patients.
available for the study. From the group of patients with no valid respiratory sample or blood specimen for bacterial culture, 259 patients remained for further analysis. Of these patients, 26 had pneumonia caused by PV infection (10%), 26 had pneumonia caused by a MP infection (10%), and 44 patients had pneumonia caused by SP (17%). The origin of the cohorts is depicted in Figure 1 . Of the 26 cases in the MP group, the most frequent copathogen was SP (12 patients) followed by C pneumoniae (9 patients). The most frequent combinations were mixed infections of SP and either influenza virus (five patients) or parainfluenza virus (five patients), and influenza virus with C pneumoniae (five patients) [ Table 2 ]. The monthly distribution of CAP viral infections is shown in Figure 2 . We found no marked seasonal distribution of infections included in the PV group. However, when taking into account all viral infections (61 patients), we observed an increased incidence in January and February compared to the rest of the year.
Baseline Characteristics
We did not find any differences in age, incidence of alcohol abuse, and smoking status when comparing the three groups (ie, PV, MP, and SP group; differences not significant). There were significantly more male patients with CAP in the MP group (22 of 26 patients; 84%; p ϭ 0.04) compared to the PV group (54% men and 46% women). In the SP group, 66% of the patients were men (30 of 44 patients; differences with the other groups were not significant).
Overall, a high percentage of patients had a history of pulmonary comorbidities (PV group, 54%; MP group, 55%; SP group, 34%; differences not significant), with COPD being the most prevalent. Table 3 ].
In all groups, prognostic score index classes IV and V were the most frequent, including around 50% of all patients (PV group, 58%; MP group, 46%; SP group, 54%). However, PSI classes I and II were more prevalent in patients with PV infections, thus making the differences not significant (PV group, 27%; MP group, 8%; SP group, 18%) [ Table 3 ].
Clinical Presentation
Expectoration was significantly less frequent in the PV group when compared to the other groups (PV group [ group, 98%; MP group, 69%; difference not significant). The percentage of radiologic infiltrates showing an "interstitial pattern" was close to 10% in all groups. We found no significant differences in regard to other clinical symptoms, such as chills, chest pain, and dyspnea, and paraclinical parameters, such as leukocyte count, C-reactive protein level, Po 2 , hematocrit, and creatinine level (Table 4) . Patient temperature was recorded at hospital admission and was compared among the different groups. The mean temperature at hospital admission did not differ significantly among the following groups: SP group, 37.96 Ϯ 1.2°C; MP group, 37.9 Ϯ 1.29°C; PV group, 37.86 Ϯ 1.1°C. In the studied cohort, the mean temperature at hospital admission is often biased because patients frequently take prescription free antipyretic drugs. Therefore, we decided to show the parameters "fever before admission" (defined as an episode of measured temperature of Ͼ 38°C for 48 h before hospital admission) and "presence of chills" (ie, a sensation of shivering, cold, and sweating) in the study. Therefore, neither the temperature at hospital admission nor vaccination status was included in the multivariate model.
Severity Assessment and Outcome
Significantly more patients with a viral pneumonia had a higher respiratory rate than 30 breaths/min compared to those in the MP group (PV group [ Table 5 ].
Multivariate Analysis of Risk Factors for Viral CAP
The presence of CHF (odds ratio, 15.4; 95% confidence interval, 1.4 to 163; p ϭ 0.024) and the absence of expectoration (odds ratio, 0.14; 95% confidence interval, 0.04 to 0.6; p ϭ 0.006) were independently associated with the presence of viral CAP as opposed to SP. There were no independent significant risk factors when PV CAP was compared to MP CAP.
Discussion
The main findings of our study are the following: (1) a viral etiology was detected in 18% of the patients with CAP who had undergone a complete diagnostic evaluation, with half of them having a mixed infection; (2) CHF was an independent risk factor for viral pneumonia compared to patients with SP; and (3) the absence of expectoration was independently associated with a PV CAP.
Viruses are a frequent etiologic finding in patients with CAP. In the present study, RVs were implicated in 18% of all subjects in whom a valid viral serology finding was available. Furthermore, in 9% of patients a RV was the only detected microorganism. In different series of CAP (in Finland, Switzerland, and Wales), 9, 15, 16 it has been shown that viral pathogens are responsible for 10%, 5.5%, and 11% of patients with CAP, respectively. When mixed infections with RVs are included, the incidence increases to around 20%. 9, 15, 16 These figures fit with those found in a large Spanish study 17 from Valencia in which CAP was caused by a RV in 20% of all patients. However, the current figures on viral CAP are probably underestimated, since for most of the studies, and for the present one, only one serologic study has been used. In our study, we found that influenza A and B, and parainfluenza viruses were the most frequent viral causes. Other viruses less frequently found were RSV and adenovirus. Most of the studies dealing with viruses and CAP have shown that the main viruses responsible for CAP are influenza virus A and B, parainfluenza virus, and RSV. In a single study in Finland, 16 the main viral pathogen was the parainfluenza virus. For future studies, increasing the spectrum of RVs investigated will probably show us that there are other viruses related to CAP. Another interesting finding of this study is that viruses formed part of mixed infections, including mainly C pneumoniae and SP. The controversy about mixed infections is still alive in the literature, and it is important to clarify it for treatment purposes and outcome knowledge. 18, 19 One striking finding of the present work is the increased risk of patients with CHF for acquiring PV pneumonia, and we do not have a clear explanation for that. This finding may fit with that of a previous report that found cardiovascular disease to be increased by fourfold in patients with viral CAP compared to pyogenic CAP. 15 In addition, it is known that influenza causes a seasonal excess mortality in patients with underlying cardiac illness. 20 One study 21 shows that influenza vaccination protects against the development of a myocardial infarction in patients with coronary heart disease. Influenza vaccination could be of potential benefit in patients with CHF.
It would be important for clinicians to know what the specific clinical manifestations of viral CAP could be. In our study, we found that cough and expectoration were less frequent in patients with viral CAP compared to patients with mixed infections and pneumococcal CAP. Other clinical symptoms, radiologic presentation, or laboratory parameters were not useful in differentiating viral infections from pneumococcal or mixed viral infections. Dowell et al 22 studied the incidence and clinical characteristics of CAP caused by RSV in nonimmunocompromised adult patients. CAP caused by RSV was compared to "typical" and atypical pathogens. Apart from a marked seasonal variability, the presence of wheezing and rhonchi on physical examination were more frequent in the RSV group. Although it is interesting to know the specific features of viral CAP (ie, less cough and expectoration), we believe that we cannot rely on clinical manifestations to adjust empirical antibiotic treatments. This opinion is in accordance with previous studies that clearly have demonstrated that clinical signs and symptoms cannot be relied on to predict the etiology in the individual patient. Specifically, in a study published by our group, 10 it was clearly shown that neither clinical features, such as fever, chills, pleuritic pain, and expectoration, nor radiographic features were sensitive or specific enough to differentiate among pneumococcal, viral and atypical CAP. However, there were the following differences between the two studies: (1) purulence expectoration was investigated in the former study instead of the absence or presence of expectoration alone; and (2) viral and atypical pneumonias were pooled together for the analysis of the diagnos- tic value of clinical manifestations. Consequently, comparisons with the present study have to be made carefully.
One important feature of the present study is that we applied very strict criteria to the definition of the different cohorts compared. Thus, this reinforces the validity of the study in regard to potential missing etiologies. Specifically, the serologic detection of viruses by type-specific complement fixation remains a well-established, sensitive, and specific test. [23] [24] [25] In addition, and of particular importance, was the exclusion of patients with prior antibiotic treatment, a fact that could have led to the underdiagnosis of classic bacterial etiologies.
We recognized two limitations in our study. First, and since we relied on serologic criteria for determining the presence of viral pneumonia, only patients with a paired serology were included. This implied that only patients surviving for at least 2 to 3 weeks were investigated.
Since we selected this population and did not apply other methods for viral detection (eg, molecular biology methods or viral cultures), the presence of viral infections could have been underestimated. Probably, the incidence of viral CAP is higher than commonly believed. However, the sensitivity by serologic testing is approximately 80%, suggesting that most of the 277 patients with paired serology and no seroconversion are true negatives. [23] [24] [25] Other methods such as culture or molecular biology techniques may be useful for the routine diagnosis of CAP. 15, 26 The second limitation of the study refers to the severity of illness and outcome of patients. Although there were no apparent major differences in severity presentation and outcome among patients in the three groups, the criteria of inclusion (paired serology) limits our conclusions to the population studied (ie, those with paired serology).
It is interesting to point out that none of the patients with viral pneumonia received an antiviral treatment. Despite this, and despite the fact that 58% of patients with viral pneumonia were classified as being in PSI classes IV and V, only 8% of those in the PV group had to be admitted to the ICU, and no patients died. Our observations in selected patients surviving viral pneumonia indicate that viral pneumonia may cure itself without specific antiviral treatment. In the future, it could be important to detect patients with viral pneumonia who are at risk for an adverse outcome early, especially because today effective antiviral therapy (eg, with neuraminidase inhibitors) is available. As long as these data are not available, we cannot make specific recommendations for antiviral treatment in the initial antimicrobial treatment strategies for CAP. However, during an epidemic situation (eg, a confirmed influenza outbreak) the position of empiric neuraminidase inhibitors in the initial empiric therapy should be considered. 27 In conclusion, viral pathogens play an important role in the etiology of CAP, and influenza virus is the leading viral pathogen. Nonimmunocompromised adults with CHF have an increased risk of acquiring a viral infection, and an influenza vaccination could be of potential benefit. Clinical characteristics are not useful (except the absence of expectoration) in predicting infection with viral pneumonia. Our data do not suggest the need for the inclusion of antiviral coverage in antimicrobial treatment strategies of CAP. However, future studies should be aimed at defining risk factors for severe viral CAP and the potential role of antiviral treatment.
